Background Emergency abdominal surgery carries considerable postoperative morbidity and mortality. Hypovolaemia is considered to be a cause of renal hypoperfusion, which is associated with a decreased clearance of serum urea and creatinine. This study examines whether the perioperative serum urea and creatinine concentrations are predictors of mortality in patients undergoing emergency abdominal surgery.
Introduction
Despite improvements in surgery and perioperative care, mortality following emergency surgery remains high. 1 ,2 A number of scores have been developed to assess the severity of illness in surgical patients. 3 However, such scores require measurements of multiple physiological and surgical variables and therefore their use is primarily as a clinical risk assessment and audit tool. 4--6 Hence, there is a continuing interest as to whether simple laboratory-based parameters might have prognostic value in these patients.
Occult hypovolaemia is thought to be a cause of organ hypoperfusion, which in turn has been related to the development of postoperative morbidity and mortality. 7, 8 A number of reasons may account for a hypovolaemic state in patients undergoing emergency abdominal surgery: decreased oral intake, third space £uid loss and haemorrhage are frequently encountered in this patient group. However, hypovolaemia is di⁄cult to identify, as routine parameters such as heart rate and blood pressure remain unchanged in the presence of occult hypovolaemia and hence are insensitive diagnostic tools. 9 It is of note that hypovolaemia causes renal hypoperfusion which is associated with decreased plasma clearance. For example, serum concentrations of urea and creatinine are raised in the presence of renal hypoperfusion and it is well recognized that as intravascular volume decreases, both serum urea and creatinine concentrations rise. 9 If occult hypovolaemia was an important clinical problem in patients undergoing emergency abdominal surgery then it might be expected that increased perioperative serum urea and creatinine concentrations would be associated with increased postoperative mortality in patients. To our knowledge no studies have examined this relationship. The aim of the present study was to examine whether the perioperative serum urea and creatinine concentrations are predictors of 30-day mortality in patients undergoing emergency abdominal surgery.
Patients and methods
Consecutive patients aged 50 years or over who had undergone emergency abdominal surgery between July 1998 and June 2000 at the Royal In¢rmary, Glasgow, were identi¢ed and audited retrospectively. Patients undergoing surgery for trauma or vascular disease were excluded. As part of routine clinical care, serum urea and creatinine concentrations were documented prior to surgery and in the postoperative period. Urea and creatinine were measured using the Urease and Ja¡e methods, as speci¢ed by the manufacturer, on a Bayer Advia 1650 (Bayer Healthcare-Diagnostics Division, Berks.). Age-and sex-speci¢c reference intervals using the 97.5 percentiles as previously described were used for the analysis of the data. 10, 11 Only those patients who had preoperative (within 6 h prior to surgery) and postoperative (18--24 h following surgery) serum urea and creatinine values were included in the analysis.
Prior to the analysis of outcome, the abdominal surgical procedures were allocated to one of three groups based on the severity of the surgical procedures, as previously described. 12, 13 For example, minor surgery included patients undergoing surgery for incarcerated hernia, perforated duodenal ulcer and emergency cholecystectomy. Intermediate surgery included patients undergoing emergency small bowel resection, partial gastrectomy, splenectomy or right hemicolectomy. Major surgery included patients undergoing emergency total gastrectectomy, left hemicolectomy, pancreatic surgery or surgery for a perforated viscus with faecal peritonitis. The median duration of time in theatre was 135, 160 and 180 min in the minor, intermediate and major surgery groups, respectively (P ¼ 0.016).
Thirty-day mortality, including out-of-hospital mortality, was obtained from hospital records and Greater Glasgow Health Board.
Statistics
Data were presented as median (range). Where appropriate, comparisons of data were carried out using the w 2 -test and Mann--Whitney U-test. Multiple logistic regression analysis was used to examine the e¡ect of variables on 30-day mortality. Statistical analysis was performed using SPSS software (SPSS Inc., Chicago, IL, USA).
Results
Three hundred patients over the age of 50 underwent emergency abdominal surgery. Patients were excluded because either the serum urea or creatinine measurements did not fall within the predetermined time scale (n ¼ 51), mortality data were incomplete (n ¼ 31) or they were in renal failure (n ¼ 9). Those patients with renal failure were identi¢ed as having undergone repeated dialysis for renal failure over the previous year. The characteristics of the remaining patients (n ¼ 209) were grouped according to postoperative survival status at 30 days (Table 1) . One hundred and sixty two patients remained alive and 47 patients (22%) died following surgery. Compared with the survivors the non-survivors were older (Po0.05), had undergone more extensive surgery (Po0.001) and were more likely to have been admitted to the intensive care unit (Po0.001). There was a signi¢cant increase in the serum urea concentration, whether or not one took account of the e¡ects of the patient's age and sex on the reference intervals, preoperatively (Po0.05) and on day one postoperatively (Po0.001) in the nonsurvivors compared with the survivors. In contrast, creatinine concentrations were only signi¢cantly higher on day one in the non-survivors (Po0.001).
Of the 153 patients who had urea concentrations within the reference intervals prior to surgery only 17 (11%) had an increase of urea on day one. In contrast, of the 56 patients with urea concentrations above the age and sex-related reference intervals prior to surgery, 23 (41%) patients had urea concentrations within the reference intervals on day one (Po0.001). Of the 174 patients who had creatinine concentrations within the reference intervals prior to surgery, only 21 (12%) had an increased creatinine on day one. In contrast, of the 35 patients with increased creatinine concentrations prior to surgery, 17 (49%) patients had creatinine concentrations within the age-and sex-speci¢c reference values on day one (Po0.001).
The causes of death following emergency abdominal surgery are shown in Table 2 . The majority of patients died secondary to cardio-respiratory disease or septicaemia.
The odds ratios for 30-day mortality following emergency surgery are shown in Table 3 . Post-operative mortality was associated with older age (Po0.05), severity of surgery (Po0.01), admission to intensive care (Po0.001), preoperative urea (Po0.05), day one urea (Po0.001) and day one creatinine (Po0.01). On multivariate logistic regression analysis, age (odds ratio [OR] 3.27,95% con¢dence interval [CI] 1.43--7.47, P ¼ 0.005), severity of surgery (OR 2.21, 95% CI 1.14--4.29, P ¼ 0.019), admission to intensive care (OR 0.54, 95% CI 0.11--0.54, Po0.001), seniority of anaesthetist (OR 0.50, 95% CI 0.27--0.90, P ¼ 0.022) and day one urea (OR 3.33, 95% CI 1.39--7.99, P ¼ 0.007) were independently associated with 30-day mortality. 
Discussion
In the present study, the concentration of serum urea relative to the age-and sex-speci¢c reference intervals on the ¢rst postoperative day is an independent predictor of mortality in patients undergoing emergency abdominal surgery. Age, severity of surgery, seniority of anaesthetist and admission to intensive care unit are recognized prognostic factors in the patient undergoing emergency surgery. However, few studies have examined the value of perioperative serum urea concentrations in these patients.
It was of interest that of those patients who had urea and creatinine concentrations within the reference interval prior to emergency abdominal surgery, the majority (89% and 88%, respectively) had concentrations which remained within the reference interval on the ¢rst postoperative day. In contrast, of the patients with increased urea and creatinine concentrations prior to surgery approximately half (59% and 51%, respectively) had concentrations, which had returned to values within the reference interval on day one. Taken together these results would suggest that the combination of surgical intervention and perioperative anaesthetic care improves renal function and thus outcome in patients undergoing emergency abdominal surgery. Moreover, these results suggest that targeting renal function in the immediate postoperative period may further improve outcome in these patients.
On univariate analysis, serum concentrations of urea were associated with mortality on both measurement days whereas serum creatinine had only prognostic value on day one. The reasons for the increased sensitivity of urea in the present study are not clear. However, it is known that both serum urea and creatinine concentrations rise secondary to reduced renal clearance. Serum creatinine clearance is less sensitive than urea clearance in conditions where the urine £ow rate is reduced, since the former is primarily due to glomerular ¢ltration whereas clearance of urea is determined by both glomerular ¢ltration and tubular reabsorption. 14 Furthermore, it is well established that in illness the osmotic regulation of vasopressin, the anti-diuretic hormone, is over-ridden by a number of non-osmotic factors such as nausea, hypotension and hypovolaemia which stimulate its secretion. 15 In addition to reducing urine £ow in the distal nephron, vasopressin also causes an increase in the number of urea pores in the distal nephron. 16 Both of these e¡ects will increase the reabsorption of urea by di¡usion from the glomerular ¢ltrate and this may partly explain our ¢ndings that urea was superior to creatinine when attempting to predict outcome in this group of patients.
Another reason whereby serum urea concentration could be associated with increased mortality is simply the magnitude of systemic in£ammatory response following surgical injury. It has long been recognized that a negative nitrogen balance caused by a catabolic metabolic state following major surgery is associated with poor outcome. 17 However, in the present study this explanation is less likely because the severity of surgery was a prognostic factor independent of urea concentration.
Few studies have identi¢ed factors, which give prognostic information in patients undergoing emergency abdominal surgery. Arenal and coworkers, 2 in a cohort of more than 700 patients and with an overall 30 day mortality of 20%, showed that in addition to ASA grade, interval from onset of symptoms to admission, mesenteric infarction, a defunctioning stoma and palliative bypass and non-therapeutic laparotomy had independent prognostic value. In the present retrospective study, we did not collect these data and therefore it is not clear whether serum urea would have prognostic value independent of these additional factors. Nevertheless, it was of interest that Biondo and coworkers reported that following emergency colonic surgery, preoperative organ failure was an important risk factor for 30-day mortality independent of time to surgical intervention and ASA grade. 18 More recently, Biondo and coworkers have reported that preoperative renal failure, as evidenced by an elevated serum creatinine concentration alone, was a more signi¢cant independent predictor of 30-day mortality than ASA grade. 19 It is therefore of interest that in the present study, preoperative serum urea, both preoperatively and day one postoperatively, was superior to creatinine in predicting 30-day mortality. Further prospective studies are required to con¢rm that serum urea has prognostic value independent of ASA grade.
If prospective studies con¢rm these results, it may be that increased serum urea concentrations will be useful in identifying patients with poor renal perfusion and may be a useful therapeutic target. It is therefore of interest that perioperative optimization of cardiac output and hence organ perfusion using £uid and inotropes in high-risk surgical patients was associated with both a reduced incidence of renal failure and a reduction in mortality. 20, 21 In summary, the results of the present study suggest that urea concentrations measured in postoperative period might be useful in predicting 30-day mortality in patients undergoing emergency abdominal surgery.
